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Abstract. The paper determines the effect of operational cyclic loads on damage to welded trusses. A
physical model of a 600x120 rectangular welded truss with parallel belts was developed for the study. The scheme
of its basing and loading corresponds to the conditions for a real 12000x2400 truss. The physical model of a
600x120 truss was investigated under static and cyclic loads on the STM-100 test complex. Under cyclic loads,
the fatigue crack nucleation site was identified, its propagation rate was determined, and the critical crack length
at which the truss collapses was found. An analytical dependence has been developed to determine the dynamics
of fatigue crack propagation during the operation of a truss under cyclic loads. Recommendations for the safe
operation of a welded truss under cyclic loads, its strengthening and repair to increase the service life of the
structure are formulated. Using the results of the work in engineering practice will help prevent accidental
destruction of the truss during its operation.
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1. INTRODUCTION

The paper deals with the urgent scientific and technical problem of determining the
effect of operational cyclic loads on damage to welded trusses. The solution to this problem
will make it possible to maximise the load-bearing capacity of the structure and prevent its
accidental destruction during operation. According to the terms of reference, it is necessary to
identify the location of fatigue crack initiation and the possibility of safe operation of a welded
truss with an existing crack before the onset of the limit state of the structure. The truss has a
rectangular configuration with dimensions of 12000x2400 mm and is intended to be installed
by the support units of the lower belt on the columns and fixed to the units on the upper belt of
the crane in the production facility of Smarttechbud LLC.

A bottleneck in the design of welded trusses is their design when subjected to cyclic
loads. A significant number of welded truss structures are operated under cyclic loads (cranes,
overhead conveyors, bridge structures, power line towers, etc.) It is quite difficult to achieve
high accuracy using computational methods. The reason is the multi-parameter influence of
design, process, operational and accident factors. The issue of strength and reliability is solved
by introducing additional safety factors that increase the material consumption and,
consequently, the cost of the truss [1].

Of course, the most complete way to take into account all the parameters of the impact on
the structure is to perform a full-scale experiment. However, it is difficult to carry out such an
experiment for the study of full-scale welded trusses due to the high cost of prototypes and the need
for powerful, and therefore expensive, testing equipment. Therefore, semi-natural studies are often
used as an alternative, i.e., not a full-scale truss, but its physical (scale) model is tested.

Among the modern domestic scientists who have been engaged in physical modelling of
welded trusses, the works of Shynhera N.Y. [2], Basara M.A. [3, 4] and others are known. The
works of foreign researchers [5...15] are also worthy of attention. Such approaches consist in
observing the conditions that determine the relationship between the parameters of the model
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and real structures, as well as the rules for converting the studied values from the model to the
real structure and vice versa.

The aim of the study is to identify the location of fatigue crack initiation, the dynamics of
its propagation during the operation of the truss under cyclic loads, and the possibility of safe
operation of a welded truss with an existing crack before the onset of the limit state of the structure.

Setting the task(s).

In order to achieve the research objective, the following tasks need to be solved:

— to develop the design of a physical model of a welded truss and a methodology for
conducting semi-natural experimental studies under static and cyclic loads;

— to perform a semi-natural force experiment, to form information arrays based on the
results of research and analyse them;

— formulate general conclusions based on the research results and recommendations
for their practical use.

2. EXPERIMENTAL METHODS

For the study, according to the terms of reference, we have a rectangular welded truss
of 12000x2400 mm (Fig. 1.1).

Figure 1. Design of a full-scale truss 12000x2400 mm

" 2400

All structural elements of the truss (Fig. 1) are made of rolled steel angles 80x80x10 mm.
The diagram of the truss base and loading is shown in Fig. 2.
Based on the design of the full-scale farm, a physical model was developed (Fig. 3).

Figure 2. Diagram of the welded truss base Figure 3. Design of the physical model 600x120
and loading welded truss

All elements of the physical model (Fig. 3) are made of rolled angles 20x20x3 mm of
ordinary quality steel VVSt3ps. All welds on the samples were made by semi-automatic arc welding
with direct current of direct polarity using a 1.2 mm diameter wire electrode Sv-08G2S in COs..

A force experiment for the physical model of a 600x120 welded truss according to Fig. 3
to determine the parameters of its deformation and fracture conditions was performed on the
electrohydraulic testing complex STM-100.

The scheme of experimental loading of samples on the test complex is shown in Fig. 4.
The experimental loads P are created by the rod (1) of the hydraulic machine and transferred to
the test truss (3) through the stand (2). The traverse (4) receives the load from the two nodes of
the truss, balancing it with a cylindrical joint (5) and transferring it to a rigidly fixed
dynamometer (6). The dynamometer (6) records the power signal, and the strain gauge (7)
records the strain of the sample along the loading line.
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Figure 4. Implementation of the experimental loading of samples
on the test complex STM-100. a — structural diagram; b — sample 3 in fixture 2, 3

The test facility provides static and cyclic tensile and compressive tests.

The static load test was performed in a soft mode (force control). During the static tests,
the load was increased stepwise by 500 N with intermediate visual inspection of the structure
and recording of the force, rod displacement, and deflection deformation of the lower girders.
Damage to the truss in the form of cracks and bends in the elements was visually monitored.
Loading was performed until the structure was destroyed.

During the tests, the STM-100 was controlled by a personal computer. The input
parameters were entered in TestBuilder (fatigue tool).

Two samples made according to the developed design for the physical model of a
600x120 mm welded truss were used for full-scale studies (Fig. 3). One specimen was tested
under static loading, the other — under cyclic effects.

The experimental specimen was loaded with static forces until it was destroyed (Fig. 5).

3. RESULTS AND DISCUSSION

Based on the results of field tests of one sample under static loads, an experimental
information database was obtained. The numerical results of the study are presented in Table 1.

a b

Figure 5. Sample of a welded truss on the STM-100 test complex before loading (a) and after fracture (b)
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Table 1

Deformation values of the physical model of a welded truss
under different loads according to the results of a semi-natural experiment

Load
b RN 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45
Deformation | o1 | 635 | 054 | 071 | 082 | 1,02 | 1.27 | 1.52 | 213
Otest , MM

Based on the results of the experiment (Table 1), a deformation diagram of the tested
specimens of the physical model of a 600x120 welded truss was constructed (Fig. 6).
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Figure 6. Deformation diagram of the physical model of a 600x120 welded truss based on the results of the
experiment: 1 —according to experimental data; 2 — according to the results of linear approximation of
experimental data

The diagram shows a linear deformation area at loads up to 30 kKN and a plastic
deformation area at higher load levels.

To identify the features of damage and fracture of a full-scale welded truss, the test parameters
of the physical model under cyclic loads were selected. The choice of modes is determined by the
parameters of the operating loads of a full-scale truss.

For cyclic loads, the parameters were taken according to Table 2.

Table 2

Modes of cyclic loading of the physical model of a welded truss

Parameters Meaning
Average cycle load Pm =15 kN
Maximum cycle load Pmax = 20 KN
Minimum cycle load Pmin = 10 kN
Coefficient of load asymmetry in the cycle R= Phmin /Pmax = 0.5;
Cycle load amplitude 2P1 =10 kN
Load frequency 75 Hz
The shape of the cyclogram Sine wave

The loads were selected based on the following considerations. The maximum load in a
cycle was 2/3 of the static load at the limit of linear deformation. This will make it possible to
work under conditions of multi-cycle fatigue and not to make significant safety margins for
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static loads. In the future, this approach will be convenient for generalising the research results
to a full-scale truss.

The frequency for the experiment was increased to reduce the test time.

One sample of a physical model of a 600x120 welded truss was used for full-scale
studies under cyclic loads (Fig. 3).

During the cyclic loading, the state of the structure as a whole was visually monitored
to identify the location of the initial fatigue crack initiation. When a visually detectable crack
appeared (Fig. 7a), its length was measured and the number of cycles n; was recorded by the

counter of the testing machine.
s R ;

Figure 7. Fatigue crack at the initial stage of fatigue damage (a) and at the edge of
the limit state of the structure (b)

During the experiment, the length of the crack (I, mm) was recorded after 1x10° cycles
(n, cycle). The crack was photographed at different stages of its propagation.

The crack size and its dimensions were recorded at the level of the limit state of the
structure (Fig. 7b). The numerical results of the study are listed in Table 3.

Table 3

Crack length according to the results of full-scale studies of the physical model of
a welded truss under cyclic loading

Numberofogycles,nx 0 1 2 3 4 5 6 7
Crafkn!t;:nngth 38| 48 5.6 7.2 9,7 135 | 189 | 26,8
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After the crack reached a critical size (the vertical wall of the corner was completely
damaged), the truss collapsed (Fig. 8).
According to the results of the experiment, it was determined that before the appearance
of visually noticeable damage, the number of loading cycles
n1 = 10.9 x 10° cycles,
and to the loss of firmness afterwards

n=7.2 x 10° cycles.

Based on the results of the experiment, a graph of crack propagation during cyclic
loading was constructed (Fig. 9).

e /L
20

1 2 3 4 5 6 7 n, cyce x10°
Figure 8. Physical model after fatigue failure Figure 9. Crack propagation dynamics during cyclic
loading

In the graph, point 1 was obtained from the results of the numerical experimental
base (Table 3), line 2 was obtained by linear approximation of the experimental
points.

For the practical use of the results of the work and determination of the performance
of the truss, an analytical dependence was developed that describes the dynamics of
fatigue crack propagation for the considered truss in the zone of thermal influence from the
weld (Fig. 7).

After analyzing the configuration of the crack propagation graph during
cyclic loading (Fig. 9), it is obvious that it approaches the exponential function of
the type y=a*

Based on the results of processing the numerical (Table 3) and graphical (Fig. 9)
information obtained during the experimental studies, an analytical dependence was
proposed to determine the crack length | (mm) during its propagation under the condition
of multi-cycle fatigue:

1

n1o04
I=1,6(1,04  -1)+lo (1)

where n is the number of loading cycles after fixing the first visually detectable crack;
lo —the length of the first visually visible crack at the time of its detection.

Analytical calculations were performed to determine the crack length using
formula (1). For comparison with experimental values, the results are summarised in Table
4 and Fig. 10.
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Table 4

Crack length according to the results of full-scale studies of the physical model of
a welded truss under cyclic loading

Number of cycles,
nx 10°
Experimental crack length
I, mm
Estimated crack length
I, mm

3,8 4,8 5,6 7,2 9,7 | 135 | 189 | 26,8

3,8 4,6 5,7 7,4 99 | 136 | 190 | 27,1
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Figure 10. Summary graph of crack propagation during cyclic loading:
1 — according to formula (1), 2 — according to the results of the experiment

It is obvious that the calculated and experimental results are in satisfactory
agreement, which indicates the feasibility of using the proposed dependence in engineering
practice to predict fatigue damage of this type of truss and prevent its destruction under
cyclic loads. Using the similarity constants based on the principles of physical modelling,
the results obtained are transferred to assess the behaviour of full-scale trusses of the same
configuration under cyclic loads

4. CONCLUSIONS

1. The results of experimental studies revealed the location of the fatigue crack, the
duration of the truss operation before the appearance of a visually noticeable crack, and the
dynamics of its propagation.

2. An analytical dependence was developed to determine the dynamics of fatigue crack
propagation during the operation of a truss under cyclic loads.

3. Based on the results obtained, recommendations for the safe operation of a full-scale
farm under cyclic loads were formulated:

— the maximum load in the cycle should not exceed 66.7% of the maximum static load
of elastic deformation of the structure;

— for the studied structure, when operated under cyclic loads, a fatigue crack will form
in the thermal impact zone in the side assembly on the lower belt;

— the dynamics of fatigue crack propagation after its appearance can be predicted by
the proposed analytical dependence.
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4. The following options are available to increase the service life of the truss before or

after a crack occurs:

— reduce the load in the cycle;
— reinforce the truss assembly at the point of cracking.
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MNOIIKO)KEHHS 1 PYHHYBAHHS 3BAPHOI ®EPMU 3
MAPAJIEJIbBHUMHU MOSICAMU ITPU JIIT HAUKJITYHUX
HABAHTA’KEHb

Poman I'punensk

TepHroninbcokuu HayioHATbHUU MeXHIYHUU YHIgepcumem imeni leana 1lynros,

Tepuonins, Ykpaina

Pesrome. Busnaueno eniue eKcnﬂyamauiﬁHux uumilmux HABAHMAIICEHb HA NOUKOONCCHHS 36APHUX

Gepm. 32i0H0 3 mexHiuHUM 3A60aHHAM HEOOXIOHO 0YI0 GUAGUMU MiCYe 3aPOONCEHHS GMOMHOI Mpiuunu i
MOJCTUBICMb eKCHIyamayii 36apHoi hepmu 3 HAAGHOIO MPIWUHOIO 00 HACMAHHS SPAHUYHO20 CIMAHY KOHCMPYKYIT
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onst npamoxymuoi pepmu 3 posmipamu 12000x2400 mm, npusnauenoi 01 3aKpinaeHus 00 8y3/1i6 HA 8ePXHLOMY
nosicogi onop nidiimanvroeo Kkpana. CKiaoHicms makux 00CaiodiceHb noasieae y 6azamo@akmopHomy eniueosi
Ha npoyec 3apo0ACeHHs. i ROWUPEHHSL GMOMHUX MPIWUH Y KOHCMPYKIMUSHUX e1eMEHMAX 36apHUX (hepm iy Micysx
ix 36apuux 3’€OHanb. 3anpononosano mMemoouyHuil niOXi0 HA OCHOBI 00CHIOJNCeHHs Qizuunoi Modeni gepmu,
mobmo HanigHamyprum excnepumeHmom. Taxuti nioxio uUKOpUCMOBYEMbCA O OOCHIONCEHHS BEUKO-
2abapumHux KOHCMPYKYIt I 0ae MOAICTUBICTNG 8PAXY8amU OA2amonapamempudHuil 6niug y KOHCMpPYKMUGHUXx,
MEXHON0IYHUX MA eKCIYAMAYIUHUX YUHHUKAX, GUAGUINU MICYS 3APOONCEHHSI NOYAMKOBOI 6MOMHOI MPiuHU,
NOWUPEHHS AKOI 8 NOOATLUIOMY 3YMOBUMb DYVIHYBAHHA KOHCMPYKYIL. [{nsa docriodcens po3pobaeHo Qisuyny
mooenv 600x120 npamoxymnoi 36apuoi (pepmu 3 napanenvHumu nosicamu. Cxema ii 6a3y8anHs il HABAHMANCEHHSL
gionosioac ymosam 01 peanvroi gepmu 12000x2400. Dizuyny moodenv 600x120 gepmu Odocnioxceno npu Oii
CMAamuyHuUX ma YUuKIYHUX HaeanmadxgceHb Ha unpoobysanvomy xomnaexci CTM-100. Ilpu 0ii yuxniunux
HABAHMAIICEHb BUABTIEHO MicCYe 3apO0NCeHHs 8IMOMHOI MPIWUHU, 8USHAYEHO WEUOKICMb i NOWUPEHHS, 3HALLOEeHO
KPUMUYHY O008MCUHY MPIWuHU, 3a AKOK pepma pyunyemocs. Po3pobreno auanimuuny 3anedxcHicmv 0is
BUABNICHHS OUHAMIKU NOWUPEHHS GMOMHOI MPIWUHU 30 eKCRIYamayii pepmu 3a yMO8 YUKNIUHUX HABAHMAICEHD.
Cehopmynvosaro pexomenoayii ujo0o besneunoi excniyamayii 36apHoi pepmu 3a yMos YUKIIYHUX HABAHMANCEHD,
iT nidcunenHss ma pemMonmy 3 Memoro 30LIbUeHH s pecypcy KOHCmpyKyil. Bukopucmanns pezyiemamis pobomu 6
iHJICeHepHIll npakmuyi 0acmv MOAICIUBICINL He OONYCMUMU asapitino2o pPYUHYEAHHS pepmu 6npooosic it
eKcniayamayii.

Knrouosi cnosa: szsapua ¢pepma, miynicmo [ Oegpopmisnicmv epmu, YUKIIYHI HABAHMANCEHHS,
DPVUHY8aHHs hepmu.

https://doi.org/10.33108/visnyk_tntu2024.03.073 Ompumaro 29.06.2024

ISSN 2522-4433. Bicnux THTY, Ne 3 (115), 2024 https://doi.org/10.33108/visnyk_tntu2024.03 .........ccccovveeenirineicrnnines 81


https://doi.org/10.33108/visnyk_tntu2024.03.073

